PD-0590: SPLICE, a method to overcome geometric distortions in diffusion weighted imaging in head-and-neck cancer  by Schakel, T. et al.
2nd ESTRO Forum 2013  S227 
	
applied to ensure sufficient contrast between restricted and 
unrestricted water diffusion. The high contrast enabled definition of 
the tumour volume by thresholding. Additionally, a magnetic field 
distortion map, a T2w MRI and a CT were obtained and co-registered. 
Two radiation-oncologists delineated the primary tumour on the T2w 
image. Geometrical correction acts in the phase encoding direction of 
the DWI and requires a distortion map and the imaging parameters. 
The distance between the borders of (1) the two delineations, (2) the 
original DWI and a delineation and (3) the corrected DWI and a 
delineation was calculated. 
Results: The figure shows the CT and MR images of patient 1. In the 
CT and T2w scan, no obvious contrast between the healthy and 
diseased tissue was observed. The DWI image revealed a distinct 
region with restricted diffusion (= dark). It is also illustrated that the 
overlap between delineation and restricted-diffusion volume improves 
after correction. Quantitative analysis showed that correction reduces 
the distance between the delineation and the DWI image in all three 
patients. Inspection of the DWI images revealed that some lymph 
nodes also exhibited a restricted diffusion. Those lymph nodes were 
not included in the delineation of the primary tumour. This partly 
explains the remaining discrepancy between the delineations and the 
thresholded volume. 
 
 Conclusions: We showed that DWI of the esophagus is possible and has 
excellent contrast between healthy and suspicious tissue. This 
enabled definition of the tumour volume using a threshold. After 
geometrical correction the tumour volume was in closer agreement 
with the delineated volume. Therefore, we conclude that 
geometrically corrected DWI is possible and eases delineation of 
esophageal cancer. In future, accuracy and robustness of geometrical 
correction will be further investigated for a larger patient group. 
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Purpose/Objective: Diffusion weighted magnetic resonance imaging 
(DW-MRI) is a functional imaging technique increasingly used for 
tumor and recurrence diagnosis, and response prediction and 
monitoring. Tumors generally show a high signal intensity in DW-MRI 
while the background is largely suppressed. Due to this high contrast, 
DW-MRI might also be a candidate to facilitate radiotherapy target 
definition. However, in the head and neck region, the echo planar 
imaging (EPI) technique commonly used for DW-MRI suffers from 
geometrical distortions. These distortions are caused by the 
susceptibility differences from air-tissue transitions that lead to 
magnetic field (B0) inhomogeneities. Due to these geometric 
distortions, current DW-EPI images are unusable for tumor delineation 
in RT treatment planning. To improve geometrical accuracy, a non-EPI 
method is preferable. Turbo spin echo (TSE) imaging is a robust 
method concerning geometrical accuracy. However, bulk motion 
during the diffusion weighting gradients causes unstable echo trains 
and destructive signal evolution in TSE sequences. Split acquisition of 
fast spin echo signal(SPLICE) has been proposed to solve this issue 
[Schick 1997]. In this work, DW-EPI images were compared with DW-
SPLICE images to assess the applicability for RT treatment planning. 
Materials and Methods: Eight patients (6 pre-treatment, 1 follow-up 
and 1 during treatment) were scanned in a RT mask at 3.0T (Philips 
Achieva) using Flex-M coils. The standard RT treatment planning 
protocol was used with a DW-SPLICE sequence added. Diffusion 
sequences: 
DW-EPI: TR/TE 3474/68 ms; EPI factor 85; max b-value 1000 s/mm2 
with 6 averages; 6 b-values; acquired voxel size 1.4 x 1.4 mm2; slice 
thickness 3.0 mm + 1 mm gap; total number of slices 30; FOV 230 x 
230 x 120 mm3; SENSE factor 2; fat suppression SPIR; acquisition time 
2m57s. 
DW-SPLICE: TR/TE 14109/123; TSE factor 53; TSE echo spacing 7.4 ms; 
TSE refocusing pulse angles 50°; max b-value 800 s/mm2 with 6 
averages; 2 b-values; acquired voxel size 2.0 x 2.0 mm2; slice 
thickness 4.0 mm; total number of slices 30; FOV 250 x 250 x 120 
mm3; SENSE factor 1.5; fat suppression SPIR; acquisition time 5m10s. 
The images were scored for tumor conspicuity, distortions, fat 
suppression and contrast/noise ratio using a 4-point grading scale 
(with 1 the worst and 4 the best score) by an experienced MR 
physicist. The scores were averaged over all patients. 
Results: Qualitatively, tumor conspicuity was better in DW-SPLICE 
b800 image (Fig. 1b, e) than in DW-EPI b1000 (Fig. 1c,f), which 
showed large geometrical distortions. This is exemplified in two 
patients before treatment (Fig. 1). Tumor anatomy in DW-SPLICE is 
comparable with T1w MRI after gadolinium administration (Fig. 1a, d), 
but enhancing areas mostly differ from regions with high signal 
intensity in the DW-SPLICE. This was also shown quantitatively by the 




Conclusions: DW-SPLICE produced distortion free images. This makes 
DW-MRI applicable for delineation in RT treatment planning. However, 
this comes with the cost of longer acquisition time and increased 
blurring compared to DW-EPI. 
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